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BOX: PATENT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

Sir: 

Prior to an examination of the above-identified application, and prior to 
calculating the filing fee of the enclosed divisional application. Applicants respectfully 
request the Examiner to enter the following preliminary amendments and to consider the 
following remarks. 

IN THE CLAIMS: 

Please cancel claims 1-7 and 15-122 without prejudice. 

IN THE SPECIFICATION 

On page 8, at line 32, after "salicide." and before "In", insert the following 
sentence: "A polycide may also be called a polysilicide. It should be noted that silicides 
can be self-aligning or non-self-aUgning, and if the silicide is self-aUgning, it may be 
called a salicide. It is to be understood by one of ordinary skill in the art that polycides, 
other than self-aligning silicides, may also be formed." 
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On page 10, at line 25, after "salicide." and before "In", insert the following 
sentence: "A polycide may also be called a polysilicide. It should be noted that silicides 
can be self-aligning or non-self-aligning, and if the silicide is self-aligning, it may be 
called a salicide. It is to be understood by one of ordinary skill in the art that polycides, 
other than self-aligning silicides, may also be formed." 

On page 12, at line 22, after "salicide." and before "In", insert the following 
sentence: "A polycide may also be called a polysilicide. It should be noted that silicides 
can be self-aligning or non-self-aligning, and if the silicide is self-aligning, it may be 
called a salicide. It is to be understood by one of ordinary skill in the art that polycides, 
other than self-aligning silicides, may also be formed." 

On page 15, at line 11, after "salicide." and before "In", insert the following 
sentence: "A polycide may also be called a polysilicide. It should be noted that silicides 
can be self-aligning or non-self-aligning, and if the silicide is self-aligning, it may be 
called a salicide. It is to be understood by on of ordinary skill in the art that polycides, 
other than self-aligning silicides, may also be formed." 

On page 18, at line 28, after "salicide." and before "In", insert the following 
sentence: "A polycide may also be called a polysilicide. It should be noted that silicides 
can be self-aligning or non-self-aligning, and if the silicide is self-aligning, it may be 
called a salicide. It is to be understood by one of ordinary skill in the art that polycides, 
other than self-aligning silicides, may also be formed." 

REMARKS 

This divisional application is being filed in response to an election requirement 
imposed by Examiner Vu in an Office Action mailed on November 29, 1999, for 
Application No. 09/386,495, filed August 30, 1999, which is a fiirther divisional of 
Apphcation No. 09/191,729 filed on November 13, 1998. Applicants have cancelled 
claims 1-7 and 15-122; claims 8-14 remain pending in this divisional application. 
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Please enter the amendment before calculating the fiUng fee of the enclosed divisional 
application. 

Further, Applicants have amended the specification to clarify that a polycide is a 
shortened general term used to represent the term polysilicide. Further, polysilicide is 
also a broad term encompassing both non-self-aligned and self-aligned silicides 
(salicides). Applicants submit that support for the amendments is found in the 
specification as originally filed, and that no new matter has been added. 

Applicants respectfully request consideration of this application in view of the 
foregoing amendments. 
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charges that may be due. 
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A METHOD AND DEVICE FOR IMPROVED 
SALICIDE RESISTANCE ON POLYSILICON GATES 

5 

FIELD OF THE INVENTION 

The present invention relates to the field of semiconductor devices. More 
10 particularly, the present invention relates to a method and device for improved 
resistance on gate electrodes. Specifically, the present invention relates to a 
method and device for improved salicide resistance on polysilicon gates. 

15 BACKGROUND OF THE INVENTION 

- Transistors are commonly used in semiconductor circuitry to control 
current flow. For example, a transistor can be used as a switching mechanism to 
allow the flow of current between a source and a drain region in a circuit when a 
20 certain threshold voltage is met Transistors generally include a gate electrode 
that allows or prevents the flow of current in the transistor based on applied 
voltage. 

Figure la shows a cross-sectional view of a conventional gate electrode 
25 100 formed on a substrate 110, the imderlying structure of which is not shown. It 
should be noted that the figures are merely illustrative and have been simplified 
for clarity purposes. A thin insulative layer 120 is formed on the substrate 110 to 
act as a barrier between the substrate 110 and the conductive portions of the gate 
electrode 100. An example of an insulative layer 120 can be an oxide layer, such 
30 as silicon dioxide (SiOj). Formed on the insulative layer 120 is a gate layer 130. 
An example of a gate layer 130 can be a polysilicon layer. Formed on the gate 
layer 130 is a conductive layer 160. An example of a conductive layer 160 can be 
a polycide layer, such as titanium salicide (TiSii). When a threshold voltage is 
applied to the gate layer 130 by the conductive layer 160, current will flow 
35 through the gate layer 130. Often insulative spacers 140 and 150 are formed to 
each side of the gate layer 130 to prevent transfer of current between the gate 
layer 130 and surrounding structures in the semiconductor. 
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5 In semiconductor circuit design, frequently, gate electrodes are designed 

in long continuous lines on the semiconductor substrate to efficiently provide 
current to several transistors in a circuit. Currently, improved semiconductor 
transistor performance is being achieved through device scaling in which the 
gate layer widths are being reduced from .20 \im to 15 \im and below (sub-.15 

10 jim). As the gate layer width dimensions decrease, so do the conductive layer 
line widths formed above them. 

When the gate layer widths decrease below.20 jim, current process 
techniques produce conductive lines with sharply increasing resistance. This is 
15 detrimental to the efficiency of the semiconductor, as higher resistance decreases 
the speed of the semiconductor circuitry. Additionally, process yields drop due 
Jto defective conductive line formation reducing manufacturing output. These 
problems have been particularly noted in current fabrication processes where 
titaniirai salicide (TiSij) is formed as the conductive layer in a polysilicon gate. 

20 

Figure lb illustrates a cross-sectional view of a conventional gate electrode 
100 formed on a substrate 110, the underlying structure of which is not shown. 
An example of a gate electrode 100 can be a polysilicon gate electrode. Formed 
on the substrate 110 is an insulative layer 120. An example of an ixisulative layer 

25 120 can be an oxide. Formed on the insulative layer 120 is a conductive gate 

layer 130. An example of a gate layer 130 is a polysilicon layer. Formed on the 
gate layer 130 is a conductive layer 160. An example of a conductive layer 160 
can be a polycide, such as titanium salicide. Insulative spacers 140 and 150 are 
formed adjacent to the gate layer 130 and conductive layer 160 to prevent current 

30 flow between the gate layer 100 and surroimding structures. 

During formation of the conductive layer 160, components from 
imderlying gate layer 130 often out diffuse into a reactant layer that is used to 
form the conductive layer 160. For example, silicon components of an 
35 imderlying gate layer 130 may out diffuse into the conductive layer 160. This out 
diffusion results in a conductive layer 160 wider than the gate layer 130. When 
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5 the gate layer 100 width is decreased below .20|im, the conductive layer 160 

becomes stressed by its enclosure between the side walls of the spacers 140. This 
results in increased resistance in the conductive layer 160. Increased resistance in 
the conductive layer directly impacts the quality of the semiconductor circuit. 
The circuit becomes inefficient and circuit failure or device failure may occur. 

10 

Another result of decreasing the gate line widths below .20}iin is a 
decrease in process yields. This is due to non-formation of the conductive layer. 
This is attributed to the reduced reaction area, or nucleation sites, available at 
such small dimensions. The reduced dimensions of the gate layer reduces 
15 nucleation sites on which the conductive layer can form during processing. 

Using current process techniques, if sufficient nucleation sites are not provided, 
the conductive layer often won't form. This directly impacts the semiconductor 
manufacturer by reducing output 

20 Based on the above described problems, it would be desirable to have a 

method and/or device which will improve the polycide resistance in polysilicon 
gate widths below .20 \ixn. 


Application No.: 


-3- 


DocketNc: 042390.P5488 


BRIEF SUMMARY OF THE INVENTION 

The present invention provides a method and a device v/hich improves 
polycide resistance in gate electrode widths below .20 \im. The invention 
10 provides several embodiments one embodiment of which is described below. 

In one embodiment of the present invention there is provided a gate 
electrode comprising a thin insulative layer. A gate layer is formed on the thin 
insulative layer. A conductive layer is formed on the gate layer. Thick first 
15 spacers are formed adjacent to opposite sides of the gate layer. Thick second 
spacers are formed adjacent to the thick first spacers. The thick first spacers are 
recessed to create an open space between the gate layer and thick second spacers. 
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5 BRIEF DISCUSSION OF THE SEVERAL VIEWS OF THE DRAWINGS 

For fuller understanding of the present invention, reference is made to the 
accompanying drawings in the following detailed description of the invention. 
In the drawings: 

10 

Figure 1(a) is a cross-sectional illustration of a conventional gate electrode 
in the prior art depicting a non-stressed conductive layer. 

Figure 1(b) is a cross-sectional illustration of a conventional gate electrode 
15 in the prior art depicting a stressed conductive layer. 

- Figures 2 (a) - (h) are cross-sectional illustrations of the formation of a gate 
electrode with a conductive layer and recessed thick inner spacers and non- 
recessed thick outer spacers. 

20 

Figures 3 (a) - (i) are cross-sectional illustrations of the formation of a gate 
electrode with a conductive layer and recessed thin inner spacers and recessed 
thick outer spacers. 

25 Figures 4 (a) - (i) are cross-sectional illustrations of the formation of a gate 

electrode with a conductive layer and non-recessed thin inner spacers and 
partially recessed outer spacers* 

Figures 5 (a) - (m) are cross-sectional illustrations of the formation of a 
30 gate electrode with a conductive layer and two spacer stacks. The outermost 
spacer stack having recessed thin inner spacers and recessed thiqk outer spacers. 
The inner spacer stack having non-recessed thin inner spacers and non-recessed 
thin outer spacers. 

35 Figures 6 (a) - (p) are cross-sectional illustrations of the formation of a gate 

electrode with a conductive layer and two spacer stacks. The outermost spacer 
stack having recessed thin inner spacers and recessed thick outer spacers. The 
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inner spacer stack having recessed thin inner spacers and recessed thin outer 
spacers. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method and a device to improve 
10 polycide resistance on gate electrodes less than .20 |im in width. In the 

following description of the several embodiments of the invention, numerous 
details are set forth in order to provide a thorough understanding of the present 
invention. It will be appreciated by one having ordinary skill in the art that the 
present invention may be practiced without such specific details'. In other 
15 instances, well known structures and techniques have not been described in 
detail in order to avoid obscuring the subject matter of the present invention. It 
will be understood by those having ordinary skill in the art that the structures of 
the present irivention may be formed by various techniques. 

20 Referring now to the drawings, one embodiment of the present invention- 

is shown in Figures 2a - h. Figure 2a illustrates a gate layer 220 formed on a thin 
insulative layer 210 on a substrate 200. In one embodiment, the gate layer 220 
can be a polysilicon. In one embodiment, the gate layer 220 is less than .20 jam in 
width. These structures are formed using conventional deposition and etching 

25 techniques well-known in the art. 

In Figure 2b, a thick first spacer layer 230 is deposited or grown on the 
gate layer 220 and substrate 200. In one embodiment, the thick first spacer layer 
230 can be an oxide. In one embodiment, the thick first spacer layer 230 can be 
30 deposited or grown to a thickness in the range of approximately 200 - 600A, for 
example, 300A. It should be noted that the thick first spacer layer 230 can be 
deposited or grown using deposition techniques that are well known in the art ^ 
and are not described in detail herein. 

35 In Figure 2c, a thick second spacer layer 240 is deposited or grown on the 

thick first spacer layer 230. In one embodiment, the thick second spacer layer 240 
can be a nitride. In one embodiment, the thick second spacer layer 240 can be 
deposited or grown to a thickness in the range of approximately 300 - 2000A, for 
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example, 8OOA. It should be noted that the thick second spacer layer 240 can be 
deposited or grown using deposition techniques that are well known in the art 
and are not described in detail herein. 

The thick second spacer layer 240 is etched to form the spacer structure 
illustrated in Figure 2d. In one embodiment, this etch is an anisotropic 
(directional) etch which will remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 

ITrie thick first spacer layer 230 is recessed by etching to form the spacer 
structure illustrated in Figure 2e. The recessing creates an open space between 
the thick second spacer layer 240 and the gate layer 220. In one embodiment, the 
_thickiirst spacer layer 230 is etched approximately 60 nm deeper than the surface 
of the gate layer 220. In one embodiment, the etching forms a space 
approximately 200 - 6OOA, for example, 300A, between the thick second spacer 
layer 240 and the gate layer 220. In one embodiment this etch is an isotropic 
(multidirectional) etch which will remove oxide, but not nitride. Examples of 
isotropic etches are dry or wet etches. It shotdd be noted that the side walls of 
the gate layer 220 are now exposed creating a larger contact (reaction) surface 
area. 

In Figure 2f, a reactant layer 250 is deposited, for example by sputter, 
electron beam evaporation, chemical vapor, or plasma deposition. In one 
embodiment, the reactant layer 250 can be a metal, such as titanium. 

The reactant layer 250 and the gate layer 220 are then annealed to form a 
conductive layer 260 as shown in Figure 2g. In one embodiment, the formed 
conductive layer 260 can be a polydde, such as titanium salicide. In one 
embodiment, the anneal may be performed using a rapid thermal annealing 
process in a nitrogen ambient. In one embodiment, additional armeals can be 
performed to decrease the resistance of the conductive layer 260. It is to be noted 
that the conductive layer 260 can now extend beyond the edges of the gate layer 
220 and is not constrained and stressed by the thick first spacer layer 230. 
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The imreacted portion of reactant layer 250 is etched away leaving the 
conductive layer 260 as illustrated in Figure 2h. In one embodiment, this etch is 
an isotropic etch which will remove imreacted titanium, but not titanium 
salicide. 

10 

Another embodiment of the present invention is illustrated in Figures 3 a- 
i. Figure 3a illustrates a gate layer 320 formed on a thin insulative layer 310 on a 
substrate 300. In one embodiment, the gate layer 320 can be a polysilicon. In one 
embodiment, the gate layer 320 is less than .20 \im in width. These structures are 
15 formed using conventional deposition and etching techniques well-known in the 
art. 

In Figure 3b, a thin first spacer layer 330 is deposited or grown on the gate 
layer 320 and substrate 300. In one embodiment, the thin first spacer layer 330 
20 can be an oxide. In one embodiment, the thin first spacer layer 330 is deposited 
or grown to a thickness in the range of approximately 50 - 300 A, for example, 
lOOA. It should be noted that the thin first spacer layer 330 can be deposited or 
grown using deposition techniques that are well known in the art and are not 
described in detail herein. 

25 

In Figure 3c, a thick second spacer layer 340 is deposited or grown on the 
thin first spacer layer 330, In one embodiment, the thick second spacer layer 340 
can be a nitride. In one embodiment, the thick second spacer layer 340 is 
deposited or grown to a thickness in the range of approximately 300 - 2000A, for 
30 example, 800A. It should be noted that the thick second spacer layer 340 can be 
deposited or grown using deposition techniques that are well known in the art 
and are not described in detail herein. 

The thick second spacer layer 340 is etched a first time to form the 
35 structure illustrated in Figure 3d. In one embodiment, this etch is an anisotropic 
(directional) etch which will remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 
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5 The thick second spacer layer 340 is then recessed by etching a second 

time to form the spacer structiire illustrated in Figure 3e. In one embodiment, 
the thick second spacer layer 340 is etched approximately 60 nm deeper than the 
surface level of the gate layer 320. In one embodiment, this etch is an isotropic 
(multidirectional) etch which will remove nitride, but not oxide. Examples of 
10 isotropic etches are a wet or dry etch. 

The thin first spacer layer 330 is then recessed by etching to form the 
spacer structure illustrated in Figure 3f. In one embodiment, this etch is an 
isotropic (multidirectional) etch which will remove oxide, but not nitride. 
15 Examples of isotropic etches are a dry, wet or chemical bath etch. It should 
further be noted that the side walls of the gate layer 320 are now exposed 
jcreating ajarger contact (reaction) surface area 

In Figure 3g, a reactant layer 350 is deposited, for example, by sputter, 
20 electron beam evaporation, chemical vapor, or plasma deposition. In one 
embodiment, the reactant layer 350 can be a metal, such as titanium. 

The reactant layer 350 and the gate layer 320 are then annealed to form a 
conductive layer 360 as shown in Figure 3h. In one embodiment, the formed 

25 conductive layer 360 can be a polycide, such as titanium salicide. In one 

embodiment, the anneal may be performed using a rapid thermal annealing 
process in a nitrogen ambient. In one embodiment, additional anneals can be 
performed to decrease the resistance of the conductive layer 360. It is to be noted 
that the conductive layer 360 can now extend beyond the edges of the gate layer 

30 320 and is not constrained and stressed. 

The imreacted portion of reactant layer 350 is etched away leaving the 
conductive layer 360 as illustrated in Figure 3i. In one embodiment, this etch is 
an isotropic etch which will remove imreacted titanium, but not titanium 
35 salicide. 
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5 Another embodiment of the present invention is illustrated in Figures 4 a- 

i. Figure 4a illustrates a gate layer 420 formed on a thin insulative layer 410 on a 
silicon substrate 400. In one embodiment, the gate layer 420 can be polysilicon. 
In one embodiment, the gate layer 420 is less than .20 \im in width. These 
structures are formed using conventional deposition and etching techniques 
10 well-known in the art. 

In Figure 4b, a thin first spacer layer 430 is deposited or grown on the gate 
layer 420 and substrate 400. In one embodiment, the thin first spacer layer 430 
can be an oxide. In one embodiment, the thin first spacer layer 430 is deposited 
15 or grown to a thickness in the range of approximately 50 - 300 A, for example, 
lOOA. It should be noted that the thin first spacer layer 430 can be deposited or 
^own usin^ deposition techniques that are well known in the art and are not 
described in detail herein. 

20 In Figure 4c, a thick second spacer layer 440 is deposited or grown on the 

thin first spacer layer 430. In one embodiment, the thick second spacer layer 440 
can be a nitride. In one embodiment, the thick second spacer layer 440 can be 
deposited or grown to a thickness in the range of approximately 300 - 2000A, for 
example, 800A. It should be noted that the thick second spacer layer 440 can be 

25 deposited or grown using deposition techniques that axe weU known in the art 
and are not described in detail herein. 

The thick second spacer layer 440 is etched a first time to form tine 
structure iQustrated in Figure 4d- In one embodiment, this etch is an anisotropic 
30 (directional) etch which will remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 

The thick second spacer layer 440 is then partially recessed by etching a 
second time to form the spacer structure illustrated in Figure 4e. In one 
35 embodiment, the partial recess creates a thin second spacer wall 470 adjacent to 
the lliin first spacer layer 430. In one embodiment, the thin second spacer wall 
470 can be in the range of approximately 50 - 200A, for example, lOOA, in width 
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5 and can extend approximately 60 nm deeper than the surface level of the gate 
layer 420. In one embodiment, this etch is an anisotropic (directional) etch 
which will remove nitride, but not oxide. Examples of anisotropic etches are a 
dry etch or a plasma etch. 

10 Following the partial recessing of the thick second spacer layer 440, the 

thin first spacer layer 430 is etched to form the spacer structure illustrated in 
Figure 4f. In one embodiment, this etch is an isotropic (multidirectional) etch 
which will remove oxide, but not nitride. Examples of isotropic etches are a dry, 
wet or chemical bath etch. 

15 

In Figure 4g, a reactant layer 450 is deposited, for example, by sputter, 
^electron beam evaporation, chemical vapor, or plasma deposition. In one 
embodiment, the reactant layer 450 can be a metal, such as titanitim. 

20 The reactant layer 450 and the gate layer 420 are then annealed to form a 

conductive layer 460 as shovm in Figure 4h. In one embodiment, the conductive 
layer 460 can be a polycide, such as titanium salidde. In one embodiment, the 
armeal may be performed using a rapid thermal annealing process in a nitrogen 
ambient In one embodiment, additional anneals can be performed to decrease 

25 the resistance of the conductive layer 460. It is to be noted that the conductive 
layer 460 can now extend beyond the edges of the gate layer 420 due to flexibility 
in the thin spacer walls formed from the liun first spacer layer 430 and the thin 
second spacer walls 470. 

30 The imreacted portion of reactant layer 450 is etched away leaving the 

conductive layer 460 as illustrated in Figure 4i. In one embodiment, this etch is 
an isotropic etch which will remove tmreacted titanium, but not titanium 
salicide, 

35 Another embodiment of the present invention is illustrated in Figures 5 a- 

m. Figure 5a illustrates a gate layer 520 formed on a thin insulative layer 510 on a 
substrate 500. In one embodiment, the gate layer 520 can be polysilicon. In one 
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5 embodiment, the polysilicon gate layer 520 is less than .20 fim in width. These 
structures are formed using conventional deposition and etching techniques 
well-known in the art. 

In Figure 5b, a thin first spacer layer 530 is deposited or grown on the gate 
10 layer 520 and substrate 500. In one embodiment, the thin first spacer layer 530 
can be an oxide. In one embodiment, the thin first spacer layer 530 is deposited 
or grown to a thickness in the range of approximately 50 - 150 A, for example, 50 
A. It should be noted that the thin first spacer layer 530 can be deposited or 
grown using deposition techniques that are well known in the art and are not 
1 5 described in detail herein. 

- In Figure 5c, a thin second spacer layer 540 is deposited or grown on the 
thin first spacer layer 530. In one embodiment, the thin second spacer layer 540 
can be a nitride. In one embodiment, the thin second spacer layer 540 can be 
20 deposited or grown to a thickness in the range of approximately 50 - 150A, for 
example, 50A. It should be noted that the thin second spacer layer 540 can be - 
deposited or grown using deposition techniques that are well known in the art 
and are not described in detail herein. 

25 The thin second spacer layer 540 is ietched a first time to form the structure 

illustrated in Figure 5d. In one embodiment, this etch is an anisotropic 
(directional) etch which wUl remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 

30 Following the etch of the thin second spacer layer 540, the thin first spacer 

layer 530 is etched to form the structure illustrated in Figure 5e. In one 
embodiment, this etch is an isotropic (multidirectional) which will remove oxide, 
but not nitride. Examples of isotropic etches are dry or wet etches. It should be 
further noted that at this point in a process flow, implants of dopants can be 

35 added to the structure to enhance circuit performance. 
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5 In Figure 5f, a thin third spacer layer 550 is deposited or grown. In one 

embodiment, the thin third spacer layer 550 can be an oxide. In one 
embodiment, the thin third spacer layer 550 is deposited or grown to a thickness 
in the range of approximately 50 -300A, for example, lOOA, It should be noted 
that the thin third spacer layer 550 can be deposited or grown using deposition 
10 techniques that are well known in the art and are not described in detail herein. 


In Figure 5g, a thick fourth spacer layer 560 is deposited or grown on the 
thin third spacer layer 550. In one embodiment, the thick fourth spacer layer 560 
can be a nitride. In one embodiment, the thick fourth spacer layer 560 is 
15 deposited or grown to a thickness in the range of approximately 300 - 2000 A, for 
example, 800A. It should be noted that the thick fourth spacer layer 560 can be 
-deposited or- grown using deposition techniques that are weU known in the art 
and are not described in detail herein. 


20 The thick fourth spacer layer 560 is etched a first time to form the 

structure illustrated in Figure 5h. In one embodiment, this etch is an anisotropic 
(directional) etch which will remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 

25 The thick fourth spacer layer 560 is then recessed by etching a second time 

to form the spacer structure illustrated in Figure 5i. In one embodiment, the 
thick fourth spacer layer 560 is etched approximately 60 nm deeper than the 
surface level of the gate layer 520. In one embodiment, this etch is an isotropic 
(multidirectional) etch which will remove nitride, but not oxide. Examples of 

30 isotropic etches are wet or dry etches. 

The thin third spacer layer 550 is then recessed by etching to form the 
spacer structure illustrated in Figure 5j. In one embodiment, this etch is an 
isotropic (multidirectional) etch which will remove oxide, but not nitride. 
35 Examples of isotropic etches are a dry, wet or chemical bath etch. 
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5 In Figure 5k, a reactant layer 570 is deposited, for example, by sputter, 

electron beam evaporation, chemical vapor, or plasma deposition. In one 
embodiment, the reactant layer 570 can be a metal such as titanium. 

The reactant layer 570 and the gate layer 520 are then annealed to form a 
10 conductive layer 580 as shown in Figure 5L In one embodiment, the conductive 
layer 580 can be a polycide, such as titanium salicide. In one embodiment, the 
anneal may be performed using a rapid thermal annealing process in a nitrogen 
ambient. In one embodiment, additional aimeals can be performed to decrease 
the resistance of the conductive layer 580. It is to be noted that the conductive 
15 layer 580 can now extend beyond the edges of the gate layer 520 due to flexibility 
in the thin spacer walls formed from the thin first spacer layer 530 and the thin 
second spacer layer 540. 

The xmreacted reactant layer 570 is etched away leaving the conductive 
20 layer 580 as illustrated in Figure 5m. In one embodiment, this etch is an isotropic 
etch which wiU remove imreacted titanium, but not titaiiium salicide. 

Another embodiment of the present invention is illustrated in Figures 6 a- 
p. Figure 6a illxistrates a gate layer 620 formed on a thin insulative layer 610 on a 
25 substrate 600. In one embodiment, the gate layer 620 can be polysilicon. In one 
embodiment, the gate layer 620 is less than .20 fim in width. These structxires are 
formed using conventional deposition and etching techniques well-known in the 
art. 

30 In Figure 6b, a thin first spacer layer 630 is deposited or grown on the gate 

layer 620 and substrate 600, In one embodiment, the thin first spacer layer 630 
can be an oxide. In one embodiment, the thin first spacer layer 630 is deposited 
or grown to a thickness in the range of approximately 50 - 150A, for example, 
50A. It should be noted that the thia first spacer layer 630 can be deposited or 

35 grovm using deposition techniques that are well knovm in the art and are not 
described in detail herein. 
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In Figure 6c, a thin second spacer layer 640 is deposited or grown on the 
thin first spacer layer 630. In one embodiment, the thin second spacer layer 640 
can be a nitride. In one embodiment, the thin second spacer layer 640 can be 
deposited or grown to a thickness in the range of approximately 50 - 150A, for 
example, 50A. It should be noted that the thin second spacer layer 640 can be 
deposited or grown using deposition techniques that are well known in the art 
and are not described in detail herein. 

The thin second spacer layer 640 is etched a first time to form the structure 
illustrated in Figure 6d. In one embodiment, this etch is an anisotropic 
(directional) etch which will remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 

Following the etch of the thin second spacer layer 640, the thin first spacer 
layer 630 is etched to form the structure illustrated in Figure 6e. In one 
embodiment, this etch is an isotropic (multidirectional) which will attack oxide, 
but not nitride. Examples of isotropic etches are a dry, wet or chemical bath 
etch. It should be further noted that at this point in a process flow, implants of 
dopants can be added to the structure to enhance circuit performance. 

In Figure 6f, a thin third spacer layer 650 is deposited or grown. In one 
embodiment, the thin third spacer layer 650 can be an oxide. In one 
embodiment, the thin third spacer layer 650 is deposited or grown to a thickness 
in the range of approximately 50 - 300A, for example lOOA. It should be noted 
that the thin third spacer layer 650 can be deposited or grown using deposition 
techniques that are well known in the art and are not described in detail herein. 

In Figure 6g, a thick foxirth spacer layer 660 is deposited or grown on the 
thin third spacer layer 650. In one embodiment, the thick fourth spacer layer 660 
can be a nitride. In one embodiment, the thick fourth spacer layer 660 is 
deposited or grown to a thickness in the range of approximately 300 -2000A, for 
example, 800A. It should be noted that the thick fourth spacer layer 660 can be 
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5 deposited or grown using deposition techniques that are well known in the art 
and are not described in detail herein. 

The thick fourth spacer layer 660 is etched a first time to form the 
structure illustrated in Figure 6h, In one embodiment, this etch is an anisotropic 
10 (directional) etch which will remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 

The thick fourth spacer layer 660 is then recessed by etching a second time 
to form the spacer structure illustrated in Figure 6i. In one embodiment, the 
15 thick fourth spacer layer 660 is etched approximately 60 run deeper than the 
siirface level of the gate layer 620. In one embodiment, this etch is an isotropic 
_(multidirectipnal) etch which will remove nitride, but not oxide. Examples of 
isotropic etches are a wet or dry etch. 

20 The thin third spacer layer 650 is then recessed by etching to form the 

spacer structure illustrated in Figure 6j. In one embodiment, this etch is an 
isotropic (multidirectional) etch which will remove oxide, but not nitride. 
Examples of isotropic etches are dry or wet etches. 

25 At this point, further etches are still to be performed, however, the 

substrate 600 is left exposed. Thtis, if a following etch chemistry is utilized which 
can remove the substrate 600, the substrate 600 will need to be protected. Thus, a 
protective layer, for example, an oxide layer, can be provided. The provision of a 
protective layer is described together with the figures that follow. Altematively, 

30 if a following etch chemistry does not remove the substrate 600, then the process 
can continue without the necessity of providing and removing a protective layer. 

In Figure 6k, a thin protective layer 670 is deposited or grown on the 
substrate 600. In one embodiment, the thin protective layer 670 can be oxide. In 
35 one embodiment, the thin protective layer 670 is deposited or grown to a 
thickness in the range of approximately 50 -300A, for example, 50A. In one 
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5 embodiment, the thin protective layer 670 can be an oxide grown by annealing a 
silicon substrate 600 in an oxygen ambient. 

The thin second spacer layer 640 is recessed by etching to form the spacer 
structure illustrated in Figure 61 In one embodiment, this etch is an anisotropic 
10 (directional) etch which will remove nitride, but not oxide. Examples of 
anisotropic etches are a dry etch or a plasma etch. 

The thin protective layer 670 is removed and the ihin first spacer layer 630 
recessed by etching a second time to form the spacer structure illtistrated in 

15 Figure 6m. In one embodiment, the thin first spacer layer 630 is recessed 

approximately 60 run deeper than the surface level of the gate layer 620. In one 
jembodiment,'this etch is an isotropic (multidirectional) etch which will remove 
oxide, but not nitride. Examples of isotropic etches are a wet, dry or chemical 
bath etch. It shoiild be noted that the side walls of the gate layer 620 are now 

20 exposed creating a larger contact (reaction) surface area. 

In Figure 6n, a reactant layer 680 is deposited, for example, by sputter, 
electron beam evaporation, chemical vapor, or plasma deposition. In one 
embodiment, the reactant layer 680 can be a metal, such as titanium. 

25 

The reactant layer 680 and the gate layer 620 are then armealed to form a 
conductive layer 690 as shown in Figure 6o. In one embodiment, the conductive 
layer 690 can be a polycide, such as titanixim salicide. In one embodiment, the 
anneal may be performed using a rapid thermal annealing process in a nitrogen 
30 ambient. In one embodiment, additional anneals can be performed to decrease 
the resistance of the conductive layer 690. It is to be noted that the conductive 
layer 690 can now extend beyond the edges of the gate layer 620 and is not 
constrained and stressed. 

35 The imreacted reactant layer 680 is etched away leaving the conductive 

layer 690 as illustrated in Figure 6p. In one embodiment, this etch is an isotropic 
etch which will remove unreacted titanium, but not titanium salicide. 
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5 Through out the specification, reference has been made to isotropic and 

anisotropic etching. It should be noted that the present invention may be 
performed using these etch processes interchangeably; however, such 
interchanging of etch processes may cause other complications. The process 
steps as defined above are the preferred manner in which to perform ihe present 

10 invention. 

Additionally, throughout the specification, it has been stated that the etch 
processes remove only the nitride or oxide layers, however, it should be noted 
that such etch processes selectively remove the nitride or oxide. In other words, 
15 an etch to remove nitride will remove nitride at a faster rate than oxide, such that 
more nitride is removed and very little oxide is removed; and, an etch to remove 
joxide will remove oxide at a faster rate than nitride, such that more oxide is 
removed and very little nitride is removed. 

20 The above described embodiments of the method and device of the 

present invention provide improved polycide resistance in polysilicon gate 
widths below .20jim. As earlier described, conductive layers, such as the 
polycide, titanium salidde, can expand during formation. Previous gate 
electrode structures had spacer structures which constrained this expansion. 

25 This led to a stressed conductive layer that exhibited increased resistance. The 
several embodiments of the present invention, reduce the stress on the formed 
conductive layer thereby improving the resistance. In some embodiments, 
spacers are recessed to remove constraints on the expansion of the conductive 
layer. In other embodiments, spacers are partially recessed to provide thin 

30 spacer walls which flex to dissipate stress. In otibier embodiments, dual spacer 
stacks that are recessed and partially recessed also provide dissipate or remove 
stress on the conductive layer. It is this reduction in the stress by the several 
embodiments of the present invention, that provides improved resistance. Also, 
in several of the embodiments the side walls of the gate layer are exposed to 

35 allow greater surface area. This aids in formation of the conductive layer by 
providing for increased nucleation sites. By aiding in formation of the 
conductive layer, process yields increase. 
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In the foregoing specification, the invention has been described with 
reference to specific exemplary embodiments thereof. It will, however, be 
evident that various modifications and changes may be made thereto without 
departing from the broader spirit and scope of the invention as set forth in the 
appended claims. The specification and drawings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1. A gate electrode formed on a substrate comprising: 
an insulative layer formed on a substrate; 

a gate layer formed on the insulative layer; 
a conductive layer formed on the gate layer; 

thick first spacers formed adjacent to opposite sides of the gate layer 
15 wherein the thick first spacers are recessed to create a open space between the 
both the gate layer and the conductive layer and thick second spacers; and, 
thick second spacers formed adjacent to each of the thick first spacers. 

2. The gate electrode of claim 1 wherein the insialative layer is an oxide, 

3. The gate electrode of claim 2 wherein the gate layer is a polysilicon. 

4. The gate electrode of claim 3 wherein the conductive layer is a polycide, 

5. The gate electrode of claim 4 wherein the thick first spacers are an oxide. 

6. The gate electrode of claim 5 wherein the thick second spacers are a 
nitride, 

30 7. The gate electrode of claim 6 wherein the polycide is titanium salicide 
(TiSi^). 

8. A gate electrode formed on a substrate comprising: 
an insulative layer formed on a substrate; 
a gate layer formed on the insulative layer; 
a conductive layer formed on the gate layer; 

thin first spacers formed adjacent to opposite sides of the gate layer 
wherein the thin first spacers are recessed; and. 
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thick second spacers formed adjacent to each of the thin first spacers 
wherein the thick second spacers are recessed. 

9. The gate electrode of claim 8 wherein the insulative layer is an oxide. 

10. The gate electrode of claim 9 wherein the gate layer is a polysilicon. 

11. The gate electrode of claim 10 wherein the conductive layer is a polycide. 

12. The gate electrode of claim 11 wherein the thin first spacers are an oxide. 

15 

13. The gate electrode of claim 12 wherein the thick second spacers are a 
jiitride. . 

14. The gate electrode of claim 13 wherein the polycide is titaniiim salicide 
(TiSi,). 

15. A gate electrode formed on a substrate comprising: 
an insulative layer formed on a substrate; 

a gate layer formed on the insulative layer; 
a conductive layer formed on the gate layer; 

thin first spacers formed adjacent to opposite sides of the gate layer; and, 
thick second spacers formed adjacent to each of the thin first spacers 
wherein the thick second spacers are partially recessed to form thin second 
spacer walls adjacent to the thin first spacers in a region adjacent to the 
30 conductive layer. 

16. The gate electrode of claim 15 wherein the iostilative layer is an oxide. 

17. The gate electrode of claim 16 wherein the gate layer is a polysilicon. 

18. The gate electrode of claim 17 wherein the conductive layer is a polycide. 
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19. The gate electrode of claim 18 wherein the thin first spacers are an oxide. 

20. The gate electrode of claim 19 wherein the thick second spacers are a 
nitride. 

21. The gate electrode of claim 20 wherein the polycide is titaiuum salicide 
(TiSi,). 

22. A gate electrode formed on a substrate comprising: 
an insulative layer formed on a substrate; 

a gate layer formed on the insulative layer; 
15 a conductive layer formed on the gate layer; 

thin first spacers formed adjacent to opposite sides of the gate layer; 
- thin second spacers formed adjacent to each of the thin first spacers; 
thin third spacers formed adjacent to each of the thin second spacers 
wherein the thin third spacers are recessed; and, 

thick foxirth spacers formed adjacent to each of the thin third spacers 
wherein the thick fourth spacers are recessed. 

23. The gate electrode of claim 22 wherein the insulative layer is an oxide. 

24. The gate electrode of claim 23 wherein the gate layer is a polysilicon. 

25. The gate electrode of claim 24 wherein the conductive layer is a polycide. 

26. The gate electrode of claim 25 wherein the thin first spacers are an oxide. 

30 

27. The gate electrode of claim 26 wherein the thin second spacers are a 
nitride. 

28. The gate electrode of claim 27 wherein the thin third spacers are an oxide. 

29. The gate electrode of claim 28 wherein the thick fourth spacers are a 
nitride. 
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30. The gate electrode of claim 29 wherein the polycide is titaruum salidde 
(TiSi,). 


31 . A gate electrode formed on a substrate comprising: 
an insulative layer formed on a substrate; 

a gate layer formed on the insiilative layer; 

a conductive layer formed on the gate layer; 

thin first spacers formed adjacent to opposite sides of the gate layer 
wherein the thin first spacers are recessed; 

thin second spacers formed adjacent to opposite sides of the thin first 
spacers wherein the thin second spacers are recessed; 

thin third spacers formed adjacent to opposite sides of the thin second 
-spacers wherein the thin third spacers are recessed; and, 

thick fourth spacers formed adjacent to opposite sides of the thin third 
spacers wherein the thick fourth spacers are recessed. 

32. The gate electrode of claim 31 wherein the insulative layer is an oxide. 

33. The gate electrode of claim 32 wherein the gate layer is a polysilicon. 

34. The gate electrode of claim 33 wherein the conductive layer is a polycide. 

35. The gate electrode of claim 34 wherein the thin first spacers are an oxide. 

36. The gate electrode of claim 35 wherein the thin second spacers are a 
nitride. 

37. The gate electrode of claim 36 wherein the thin third spacers are an oxide. 

38. The gate electrode of claim 37 wherein the thick fotirth spacers are a 
nitride. 


Application No.: 


-24- 


DocketNc: 042390.P5488 


39. The gate electrode of claim 38 wherein the polycide is titanium salicide 
(TiSi,). 

40. A method for forming a gate electrode comprising the steps of: 
providing a substrate with an insulative layer deposited thereon; 
forming a gate layer on the insulative layer; 

depositing a thick first spacer layer on the gate layer and the substrate; 

depositing a thick second spacer layer on the thick first spacer layer; 

removing a portion of tiie thick second spacer layer to form thick 
second spacers adjacent to the thick first spacer layer; 

removing a portion of the thick first spacer layer to form recessed thick 
first spacers adjacent to the gate layer wherein a space is formed between the 
gate layer and the thick second spacers; 

depositing a layer of reactant on the gate layer; 

axmealing the layer of reactant and the gate layer to form a conductive 
layer; and, 

removing the imreacted reactant layer, 

41. The method of claim 40 wherein removing a portion of the thick second 
spacer layer to form thick second spacers is by anisotropic etching. 

42. The method of claim 41 wherein the removing a portion of the thick first 
spacer layer to form thick first spacers is by isotropic etching. 

43. The method of claim 42 wherein the insulative layer is an oxide. 

44. The method of claim 43 wherein the gate layer is a polysilicon. 

45. The method of claim 44 wherein the reactant is a metal. 

46. The method of claim 45 wherein said thick first spacer layer is an oxide. 

47. The method of claim 46 wherein said thick second spacer layer is a nitride. 
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48. 


The method of claim 47 wherein the conductive layer is a polycide. 


49. The method of claim 48 wherein the metal is titanium. 

50. The method of claim 49 wherein the polycide is titanium salicide (TiSi2). 

51. A method for forming a gate electrode comprising the steps of: 
providing a substrate with a gate oxide layer deposited thereon; 
forming a gate layer on the insulative layer; 

15 depositing a thin first spacer layer on the gate layer and the substrate; 

depositing a thick second spacer layer on the thin first spacer layer; 
- removing a portion of the thick second spacer layer to form recessed 
thick second spacers; 

removing a portion of the thin first spacer layer to form recessed thin first 
spacers; 

depositing a layer of reactant on the gate layer; 
annealing the layer of reactant and the gate layer to form a conductive 
layer; and, 

removing the imreacted reactant layer. 

52. The method of claim 51 wherein removing a portion of the thick second 
spacer layer to form thick second spacers is by anisotropic etching. 

53. The method of claim 52 wherein the removing a portion of the thin first 
30 spacer layer to form thin first spacers is by isotropic etching. 

54. The method of claim 53 wherein the insxilative layer is an oxide. 

55. The method of claim 54 wherein the gate layer is a polysilicon. 

56. The method of claim 55 wherein the reactant is a metal. 
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The method of claim 56 wherein said thin first spacer layer is an oxide. 

The method of claim 57 wherein said thick second spacer layer is a rutride. 

The method of claim 58 wherein the conductive layer is a polycide. 

The method of claim 59 wherein the metal is titanium. 

The method of claim 60 wherein the polycide is titanium salicide (TiSij). 

A method for forming a gate electrode comprising the steps of: 
providing a substrate with an insulative layer deposited thereon; 
forming a gate layer on the insulative layer; 

depositing a thin first spacer layer on the gate layer and the substrate; 
depositing a thick second spacer layer on the thin first spacer layer; 
removing a portion of the thick second spacer layer to form partially 
recessed thick second spacers; 

removing a portion of the thin first spacer layer to form thin first spacers; 
depositing a layer of reactant on the gate layer; 

annealing the layer of reactant and the gate layer to form a conductive 
layer; and, 

removing the imreacted reactant layer. 

63. The method of claim 62 wherein removing a portion of the thick second 
spacer layer to form partially recessed thick second spacers further comprises: 

30 removing a first portion of the thick second spacer by anisotropic etching; 

and, 

removing a second portion of the thick second spacer layer by isotropic 
etching to form thin second spacer walls adjacent to the thin first spacers and in 
a region adjacent to the conductive layer. 

64, The method of claim 63 wherein removing a portion of the thin first 
spacer layer to form thin first spacers is by anisotropic etching. 


57. 
58. 
59. 
60. 
61. 
15 62. 
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65. The method of claim 64 wherein the insulative layer is an oxide. 

66. The method of claim 65 wherein the gate layer is a poly silicon. 

67. The method of claim 66 wherein the reactant is a metal. 

68. The method of claim 67 wherein said thin first spacer layer is an oxide. 

69. The method of claim 68 wherein said thick second spacer layer is a nitride. 

15 

70. The method of claim 69 wherein the conductive layer is a polycide. 

71. The method of claim 70 wherein the metal is titanium. 

72. The method of claim 71 wherein the polycide is titanium salicide (TiSis). 

73. A method for forming a gate electrode comprising the steps of : 
providing a substrate with an insulative layer deposited thereon; 
forming a gate layer on the insulative layer; 

depositing a thin first spacer layer on the gate layer and the substrate; 
depositing a thin second spacer layer on the thin first spacer layer; 
removing a portion of the thin second spacer layer to form thin second 
spacers; 

removing a portion of the thin first spacer layer to form thin first spacers; 
30 depositing a thin third spacer layer; 

depositing a thick fourth spacer layer on the thin third spacer layer; 
removing a portion of the thick fourth spacer layer to form recessed thick 
fourth spacers; 

removing a portion of the thin third spacer layer to form recessed thin 
third spacers; 

depositing a layer of reactant on the gate layer; 
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annealing the layer of reactant and the gate layer to form a conductive 
layer; and, 

removing the imreacted reactant layer. 

74, The method of claim 73 wherein removing a portion of the thin second 
spacer layer to form thin second spacers is by anisotropic etching. 

75, The method of claim 74 wherein removing a portion of the thin first 
spacer layer to form thin first spacers is by anisotropic etching. 

15 76. The method of claim 75 wherein removing a portion of the thick fourth 
spacer layer to form recessed thick fourth spacers further comprises: 

- removing a first portion of the thick fourth spacer layer by anisotropic 
etching; and, 

removing a second portion of the thick fourth spacer by isotropic etching. 

77. The method of claim 76 wherein removing a portion of the thin third 
spacer layer to form recessed thin third spacers is by anisotropic etching. 

78. The method of claim 77 wherein the insulative layer is an oxide. 

79. The method of claim 78 wherein the gate layer is a polysilicon. 

80. The method of claim 79 wherein the reactant is a metal. 

30 81. The method of claim 80 wherein said thia first spacer layer is an oxide. 

82. The method of claim 81 wherein said thin second spacer layer is a nitride. 

83. The method of claim 82 wherein said thin third spacer layer is an oxide. 

84. The method of claim 83 wherein said thick fourth spacer layer is a nitride. 
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The method of claim 84 wherein the conductive layer is a polycide. 

The method of claim 85 wherein the metal is titanium. 

The 'method of claim 86 wherein the polycide is titanium salicide (TiSij). 

A method for forming a gate electrode comprising the steps of : 
providing a substrate with an insulative layer deposited thereon; 
forming a gate layer on the insulative layer; 

depositing a thin first spacer layer on the gate layer and the substrate; 
depositing a thin second spacer layer on the thin first spacer layer; 
removing a portion of the thin second spacer layer to form thin second 
spacers; . 

removing a portion of the thia first spacer layer to form thin first spacers; 
depositing a thin third spacer layer; 

depositing a thick fourth spacer layer on the thin third spacer layer; 

removing a portion of the thick fourth spacer layer to form recessed 
thick fourth spacers; 

removing a portion of the thin third spacer layer to form recessed third 
spacers; 

forming a protective layer on the substrate and gate layer; 
removing a portion of the thin second spacers to form recessed thin 
second spacers; 

removing the protective layer and removing a portion of the thin first 
spacers to form recessed thin first spacers; 
30 depositing a layer of reactant on the gate layer; 

annealing the layer of reactant and the gate layer to form a conductive 
layer; and, 

removing the imreacted reactant layer. 

89. The method of claim 88 wherein removing a portion of the thin second 
spacer layer to form thin second spacers is by anisotropic etching. 


85. 
86. 
87. 
88. 
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90. The method of claim 89 wherein removing a portion of the thin first 
spacer layer to form thin first spacers is by aiiisotropic etching. 

91. The method of claim 90 wherein removing a portion of the thick fourth 
spacer layer to form recessed thick fourth spacers further comprises: 

removing a first portion of the thick fourth spacer layer by anisotropic 
etching; and, 

removing a second portion of the thick fourth spacer layer by isotropic 
etching, 

92. The method of claim 91 wherein removing a portion of the thin third 
spacer layer to form recessed thin third spacers is by anisotropic etching. 

93. The method of claim 92 wherein removing a portion of the thia second 
spacers to form recessed thin second spacers is by isotropic etching. 

94. The method of claim 93 wherein removing the protective layer and 
removing a portion of the thin first spacers to form recessed thin first spacers is 
by isotropic etching. 

95. The method of claim 94 wherein the insulative layer is an oxide. 

96. The method of claim 95 wherein the gate layer is a polysilicon. 

97. The method of claim 96 wherein the reactant is a metal. 

98. The method of claim 97 wherein the thin first spacer layer is an oxide. 

99. The method of claim 98 wherein the thin second spacer layer is a nitride. 

100. The method of claim 99 wherein the thin third spacer layer is an oxide. 

101. The method of claim 100 wherein the thick fourth spacer layer is a rutride. 
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102. The method of claim 101 wherein the protective layer is an oxide. 

103. The method of claim 101 wherein the conductive layer is a polycide. 

104. The method of claim 102 wherein the metal is titanium. 

105. The method of claim 103 wherein the polycide is titanium salicide (TiSij). 

106. A method for forming a gate electrode comprising the steps of : 
providing a substrate with an Lnsulative layer deposited thereon; 
forming a gate layer on the ins\ilative layer; 

- depositing a thin first spacer layer on the gate layer and the substrate; 
depositing a thin second spacer layer on the thin first spacer layer; 
removing a portion of the thin second spacer layer to form thin second 
spacers; 

removing a portion of the thin first spacer layer to form thin first spacers; 
depositing a thin third spacer layer; 

depositing a thick fourth spacer layer on the thin third spacer layer; 

removing a portion of Ae thick fourth spacer layer to form recessed 
thick fourth spacers; 

removing a portion of the thin third spacer layer to form recessed third 
spacers; 

removing a portion of the thin second spacers to form recessed thin 
second spacers; 

removing a portion of Ae thin first spacers to form recessed thin first 
spacers; 

depositing a layer of reactant on the gate layer; 

annealing the layer of reactant and the gate layer to form a conductive 
layer; and, 

removing the imreacted reactant layer. 
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107. The method of claim 105 wherein removing a portion of the thin second 
spacer layer to form thin second spacers is by anisotropic etching. 

108. The method of claim 106 wherein removing a portion of the thin first 
spacer layer to form thin first spacers is by anisotropic etching. 

109. The method of claim 107 wherein removing a portion of the thick fourth 
spacer layer to form recessed thick fourth spacers further comprises: 

removing a first portion of the thick fourth spacer layer by anisotropic 
etching; and, 

removing a second portion of ihe thick fourth spacer layer by isotropic 
etching. 

110. The method of claim 108 wherein removing a portion of the thin third 
spacer layer to form recessed thin third spacers is by anisotropic etching. 

111. The method of claim 109 wherein removing a portion of the thin second 
spacers to form recessed thin second spacers is by isotropic etching. 

112. The method of claim 110 wherein removing a portion of the thin first 
spacers to form recessed thin first spacers is by isotropic etching. 

113. The method of claim 111 wherein the insulative layer is an oxide. 

114. The method of claim 112 wherein the gate layer is a polysilicon. 

115. The method of claim 113 wherein the reactant is a metal. 

116. The method of claim 114 wherein the thin first spacer layer is an oxide. 

117. The method of claim 115 wherein the thin second spacer layer is a nitride. 

118. The method of claim 116 wherein the thin third spacer layer is an oxide. 
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119. The method of claim 117 wherein the thick fourth spacer layer is a nitride. 

120. The method of claim 118 wherein the conductive layer is a polycide, 

121. The method of claim 119 wherein the metal is titanium. 

122. The method of claim 120 wherein the polycide is titanium salicide (TiSij). 
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ABSTRACT OF THE DISCLOSURE 

A method and device for improved salicide resistance in polysilicon gates 
imder 20 |im. The several embodiments of the invention provide for formation 
of gate electrode structtires with recessed and partially recessed spacers. One 
embodiment, provides a gate electrode structure with recessed thick irmer 
spacers and thick outer spacers. Another embodiment provides a gate electrode 
structure with recessed thin inner spacers and recessed thick outer spacers. 
Anotitier embodiment provides a gate electrode structure with thin inner spacers 
and partially recessed outer spacers. Another embodiment provides a gate 
electrode structure with two spacer stacks. The outermost spacer stack with 
recessed thin irmer spacers and recessed thick outer spacers. The inner spacer 
stack with thin inner spacers and thin outer spacers. Another embodiment 
provides a gate electrode structure with two spacer stacks. The outermost spacer 
stack with recessed thin inner spacers and recessed thick outer spacers. The 
inner spacer stack with recessed thin inner spacers and recessed thin outer 
spacers. 
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(FOR INTEL CORPORATION P ATENT APPLICATIONS) 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below, next to my name, 

I believe 1 am the original, first, and sole inventor (if only one name is listed below) or an 
original, first, and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled 

A METHOD AND DEVICE FOR IMPROVED SALICIDE RESISTANCE ON 

POLYSILICON GATES 


the specification of which 

is attached hereto. 

X was filed on November 13. 1998 as 

United States Application Numb er 09/191.729 

or POT International Application Number 

and was amended on . 

(if applicable) 

1 hereby state that i have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment referred to above. I 
do not know and do not believe that the claimed invention was ever known or used in the 
United States of America before my invention thereof, or patented or described in any 
printed publication in any country before my invention thereof or more than one year 
prior to this application, that the same was not in public use or on sale in the United States 
of America more than one year prior to this application, and that the invention has not 
been patented or made the subject of an inventor*s certificate issued before the date of this 
application in any country foreign to the United States of America on an application filed 
by me or my legal representatives or assigns more than twelve months (for a utility 
patent application) or six months (for a design patent application) prior to this 
application. 

1 acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Section 1.56. 

1 hereby claim foreign priority benefits under Title 35, United States Code, Section 
119(a)-(d), of any foreign application(s) for patent or inventor*s certificate listed 
below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 
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Prior Foreign Applicationfs^ 


Priority 
Claimed 


(Number) (Country) (Day/MonthA^ear Filed) Yes No 


(Number) (Country) (Day/MontlVYear Filed) Yes No 


(Number) (Country) (Day/MontlVYear Filed) Yes No 

I hereby claim the benefit under title 35, United States Code, Section 119(e) of any United 
States provisional application(s) listed below 


(Application Number) Filing Date 


(Application Number) Filing Date 


I hereby claim the benefit under Title 35, United States Code, Section 120 of any United 
States application(s) listed below and. insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, Section 112, I 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, Section 1 .56 which 
became available between the filing date of the prior application and the national or PCT 
international filing date of this application: 


(Application Number) Filing Date (Status patented, 

pending, abandoned) 


(Application Number) Filing Date (Status - patented, 

pending, abandoned) 
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I hereby appoint Farzad E. Amini, Reg. No. P42,261; Aloysius T. C. AuYeung, Reg. No. 35,432; 
Amy M. Armstrong, Reg. No. P42,265; William Tliomas Babbitt, Reg. No. 39,591; Carol F. Barry. 
Reg. No. P41,600; Jordan Michael Becker, Reg. No. 39,602; Bradley J. Bereznak, Reg. No. 33,474; 
Michael A. Bernadicou, Reg. No. 35,934; Roger W. Blakeiy, Jr., Reg. No. 25,831; Gregory D. 
Caldwell, Reg. No. 39,926; Kent M. Chen, Reg. No. 39,630; Lawrence M. Cho, Reg. No. 39,942; 
Yong S. Choi, Reg. No. P43,324; Thomas M. Coester, Reg. No. 39,637; Roland B. Cortes, Reg. No. 
39,152; Barbara Bokanov Courtney, Reg. No. P42,442; Michael Anthony DeSanctis, Reg. No. 
39,957; Daniel M. De Vos, Reg. No. 37,813; Robert Andrew Diehl, Reg. No. 40,992; Tarek N. 
Fahmi, Reg. No. 41,402; James Y. Go, Reg. No. 40,621; Richard Leon Gregory, Jr., P42,607; 
Dinu Gruia, Reg. No. P42,996; David R. Halvorson, Reg. No. 33,395; Thomas A. Massing, Reg. 
No. 36,159; Phuong-Quan Hoang, P41,839; Willmore F. Holbrow III, Reg. No. P41,845; 
George W Hoover II, Reg. No. 32,992; EricS. Hyman, Reg. No. 30,139; Dag H. Johansen, Reg. 
No. 36,172; William W. Kidd, Reg. No. 31,772; Tim L. Kitchen, Reg. No, P41,900; Michael J. 
Mallie. Reg. No. 36,591; Andre L. Marais, under 37 C.F.R. § 10.9(b); Paul A. Mendonsa, Reg. 
No. P42,879; Darren J. Milliken, P42,004; Thinh V. Nguyen, P42,034; Kimberley G. Nobles, 
Reg. No. 38,255; Michael A. Proksch, Reg. No. P43,021; Babak Redjaian, P42,096; James H. 
Salter, Reg. No. 35,668; William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 
31,195; Anand Sethuraman, Reg. No. P43,351; Charles E. Shemwell, Reg. No. 40,171; Maria 
McConnack Sobrino, Reg. No. 31,639; Stanley W, Sokoloff, Reg. No. 25,128; Allan T. 
Sponseller, Reg. No. 38,318; Geoffrey T. Staniford, P43,151; Judith A. Szepesi, Reg. No. 
39,393; Vincent P. Tassinari, Reg. No. P42,179; Edwin H. Taylor, Reg. No. 25,129; George G. 
C. Tseng, Reg. No. 41,355; Lester J. Vincent, Reg. No. 31,460; John Patrick Ward, 
Reg. No. 40,216; Stephen Warhola, Reg. No. P43,237; Ben J. Yorks, Reg. No. 33,609; and 
Nomian Zafman. Reg. No. 26,250; my attorneys, of BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN 
LLP, with offices located at 12400 Wilshire Boulevard. 7th Floor, Los Angeles, California 
90025, telephone (310) 207-3800, and Alan K. Aldous, Reg. No. 31,905; Robert D. Anderson, 
Reg. No. 33,826; Joseph R. Bond, Reg. No. 36,458; Richard C. Caldenwood, Reg. No. 35,468; 
Cynthia Thomas Faatz, Reg No. 39,973; Sean Rtzgerald, Reg. No. 32,027; Seth Z. Kalson, Reg. 
No. 40,670; David J. Kaplan, Reg. No. 41,105; Leo V. Novakoski, Reg. No. 37,198; Naomi 
Obinata, Reg. No. 39,320; Thomas C. Reynolds, Reg. No. 32,488; Steven P. Skabrat, Reg. No. 
36,279; Howard A. Skaist, Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555; Raymond J. 
Wemer, Reg. No. 34,752; and Charles K. Young, Reg. No. 39,435; my patent attorneys, and 
Jeffrey S. Draeger, Reg. No. 41,000; Thomas Raleigh Lane, Reg. No. P42,781; Calvin E. Wells, 
Reg. No. P43,256; and Alexander Ulysses Witkowski, Reg. No. P43,280; my patent agents, of 
INTEL CORPORATION; and James R. Thein, Reg. No. 31,710, my patent attomey; with full power 
of substitution and revocation, to prosecute this application and to transact all business in the 
Patent and Trademark Office connected herewith. 


Send correspondence t o Darren J. Milliken , BLAKELY, SOKOLOFF, TAYLOR & 

(Name of Attorney or Agent) 
ZAFMAN LLP, 12400 Wilshire Boulevard, 7th Floor. Los Angeles, California 90025 and 
direct telephone calls to Darren J. Milliken (408) 720-8598. 
(Name of Attomey or Agent) 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 


Full Name of Sole/First Irjyepfjor Chia-Hono Jan 


Inventor's Signature A f-^rr ^ Date 

Citizenship Taiwan * ' / 

(Country) 

Post Office Address (Business or Residence or P.O. Bo x) 3995 N.W. 176^ Ave.. Portland. 
OR 97229 


Indicate below with .an "X" whether the Post Office Address set forth above is either; 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 

Full Name of Sole/Second Inventor/ a j Julie A. Tsai 

Inventor's Signature Mll^b^^ Date ifWf^ 

Citizenship USA /' 
(Country) 

Post Office Address (Business or Residence or P.O. Bo x) 15021 S.W. Teiluride Terrace. 
Beaverton. OR 97007 


Indicate below with an *0r whether the Post Office Address set forth above is either: 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 

Full Name of Sole/Third Inventor Simon Yang 

Inventor's Signature -^-y^l/^.^ (J^aa^ Date / 9^ 

Citizenship USA ^ o 7 7 

(Country) 

Post Office Address (Business or Residence or P.O. Box ) 16800 N.W. Waterford Way. 
Portland. OR 97229 

Indicate below with an "X" whether the Post Office Address set forth above is either; 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 
and State of Residence 
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(City and State of Residence) 


Full Name of Sole/Fourth Inventog / Tahir Ghani 

Inventor's Signature ^ ^^;2ZZ<^ Date /- Z^- 

Citizenship USA 

(Country) 

Post Office Address (Business or Residence or P.O. Box) 16380 S.W. Estuary Drive 

#104. Beaverton. OR 97006 


Indicate below with an "X" whether the Post Office Address set forth above is either: 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 


Full Name of Sole/Fifth Inventor Kevin A. Whitehill . 

Inventor's Signature Z<^^ v^p^fe^^^^g;^ Date //Jl f^f^ 

Citizenship USA 

(Country) 

Post Office Address (Business or Residence or P.O. Box ) 5506 S.W. Miles Ct. Portland 
OR 97219 


Indicate below with an "X" whether the Post Office Address set forth above is either: 
X Residence Address or 

Business Address or other address where mall is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 


Full Name of Sole/Sixth Inver 
Inventor's Signature 
Citizenship USA 


(Country) 

Post Office Address (Business or Residence or P.O. Box) 16079 S. W. Waxwino Place. 
Beaverton. OR 97007 


Indicate below with an "X" whether the Post Office Address set forth above is either: 
X Residence Address or 

Business Address or other address where mail is customarily received (e.g., P.O. Box). 

If the Post Office Address set forth above is not a residence address, then provide the City 

and State of Residence 

(City and State of Residence) 
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Full Name of Sole/Seventia Inventor Alan Mvers 
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Citizenship USA ^ <x 
(Country) 

Post Office Address (Business or Residence or P.O. Box^ 625 S.W. 90^\ Portland. OR 
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Title 37, Code of Federal Regulations, Section 1 .56 
Duty to Disclose Infonmation Material to Patentability 


(a) A patent by its very nature is affected with a public interest. The public interest is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the 
Office is aware of and evaluates the teachings of all infonmation material to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in dealing 
with the Office, which includes a duty to disclose to the Office ail information known to that individual to be 
material to patentability as defined In this section. The duty to disclosure information exists with respect to 
each pending claim until the claim is cancelled or withdrawn from consideration, or the application becomes 
abandoned. Infomnation material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim remaining 
under consideration in the application. There Is no duty to submit infomnation which Is not material to the 
patentability of any existing claim. The duty to disclosure all infonmation known to be material to patentability 
is deemed to be satisfied if all infonmation known to be material to patentability of any claim issued In a patent 
was cited by the Office or submitted to the Office in the manner prescribed by §§1.97(b)-(d) and 1 .98. 
However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine: 

(1) , Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest infonmation over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material Information 
contained therein is disclosed to the Office. 

(b) Under this section, infonmation is material to patentability when it is not cumulative to 
infonmation already of record or being made or record in the application, and 

(1 ) It establishes, by itself or in combination with other infonmation, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the infonmation compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each tenm in the claim its 
broadest reasonable constmction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability, 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1 ) Each inventor named in the application; 

(2) Each attomey or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved In the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attomey, agent or inventor may comply with this section by 
disclosing information to the attomey, agent, or inventor. 
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